We search for CP violation in neutral charm meson decays using a data sample with an integrated luminosity of 966 fb Within the Standard Model (SM), CP violation in charm decays [1] [2] [3] is expected to be very small and thus challenging to observe experimentally. Observing such CP violation could indicate new physics. The D 0 → π 0 π 0 decay proceeds via a singly Cabibbo-suppressed (SCS) amplitude, which is expected to have enhanced interference with new physics amplitudes. Such interference could generate a large CP violation effect. An early observation by LHCb [4] suggested a 3.5 standard deviation (σ) effect on the difference of direct CP asymmetries (∆A CP ) between D 0 → K + K − and D 0 → π + π − decays that was later supported by the CDF experiment [5] . At the end of 2012, the world average [6] for ∆A CP was 4.6 σ away from zero. This triggered much theoretical activity [7] in an attempt to explain the effect.
In the SM, CP violation in SCS charm decays arises due to interference between the tree and loop (penguin) amplitudes and is suppressed by O(V cb V ub /V cs V us ) ∼ 10 −3 , where V ij are the elements of the CabibboKobayashi-Maskawa (CKM) matrix [8] . The uncertainties on these order-of-magnitude estimates are, however, large [3] . Although a large ∆A CP could be explained by non-SM physics, it may be simply due to an unexpectedly enhanced CP -violating SM c → u penguin amplitude. In the latter case, one expects fractionalpercent CP asymmetries in other SCS two-body decays such as D 0 → π 0 π 0 [9] [10] [11] [12] . Recently, new measurements of ∆A CP have been performed [13, 14] , and the current world average is 2.3 σ away from zero [6] . The only search for CP violation in D 0 → π 0 π 0 was performed by the CLEO Collaboration using 13.7 fb −1 of data [15] ; the result was A CP = (+0.1 ± 4.8)%. 
where N rec is the number of reconstructed signal events, includes three contributions: the underlying CP asymmetry A CP , the forward-backward asymmetry (A FB ) due to γ-Z 0 interference in e + e − → cc and higher order QED effects [19] , and the detection asymmetry between positively and negatively charged pions (A 
, and we assume the same A FB for D * + and D 0 mesons [20] . By subtracting the measured asymmetries in these two decay modes, we directly obtain the A 
While A CP is independent of all kinematic variables, A FB is an odd function of the cosine of the D * + polar angle, θ * , in the center of mass (c.m) system. We thus extract A CP and A FB using
and
The analysis is based on a data sample corresponding to an integrated luminosity of 966 fb −1 collected at the Υ (nS) resonances (n = 1, 2, 3, 4, 5) or 60 MeV below the Υ (4S) resonance with the Belle detector [21] at the KEKB asymmetric-energy e + e − collider [22] . In the following, the samples taken at or below the Υ (4S) resonance will be referred to as Υ (4S), while the sample recorded at the Υ (5S) is considered separately. The detector components relevant for our study are: a tracking system comprising a silicon vertex detector (SVD) and a 50-layer central drift chamber (CDC), a particle identification (PID) system that consists of a barrel-like arrangement of time-of-flight scintillation counters (TOF) and an array of aerogel threshold Cherenkov counters (ACC), and a CsI(Tl) crystal-based electromagnetic calorimeter (ECL). All these components are located inside a superconducting solenoid coil that provides a 1.5 T magnetic field.
We use Monte Carlo (MC) simulated events representing a luminosity six times that of the data to devise selection criteria and investigate possible sources of background. The selection optimization is performed by minimizing the expected statistical error on A rec , where the branching fraction of D 0 → π 0 π 0 is set to 8 × 10 −4 [23] [24] . The K 0 S candidates are also required to satisfy the criteria described in Ref. [25] to ensure that their decay vertices are displaced from the interaction point (IP). We reconstruct neutral pion candidates from pairs of electromagnetic showers in the ECL that are not matched to any charged track. Showers in the barrel (end-cap) region of the ECL must exceed 60 (100) MeV to be considered as a π 0 daughter candidate. The invariant mass of the π 0 candidate must lie within 25 MeV/c 2 (about four times the experimental resolution) of the known π 0 mass [24] . The π 0 momentum is required to be greater than 640 (540) MeV/c for the data sample taken at the Υ (4S) (Υ (5S)) resonance.
Reconstructed π 0 and K 
We require π + s candidates to originate from near the IP by restricting their impact parameters along and perpendicular to the z axis to be less than 3 cm and 1 cm, respectively. The z axis is defined to be the direction opposite the e + beam. We do not impose any requirement on the number of SVD hits but require that the ratio of PID likelihoods, L π /(L π + L K ), be greater than 0.4. Here, L π (L K ) is the likelihood of a track being a pion (kaon) and is calculated using specific ionization from the CDC, time-of-flight information from the TOF and the number of photoelectrons in the ACC. With the above PID requirement, the pion identification efficiency is above 95% with a kaon misidentification probability below 5%. 
. In order to improve the ∆M resolution, the π + s is constrained to originate from the IP. The sideband used for the selection optimization is 0.15 < ∆M < 0.16 GeV/c 2 . D mesons produced in B meson decays are rejected by requiring that the D * + candidates have a CM momentum greater than 2.5 GeV/c and 3.1 GeV/c, respectively, for data taken near the Υ (4S) and Υ (5S) resonance. This requirement also significantly reduces combinatorial background.
After applying all selection criteria, we find that about 6% of the total D * → D(π 0 π 0 )π s events contain multiple candidates, of which about half are due to a misreconstructed π 0 and about half due to a misreconstructed π s . We select a single D 0 candidate per event by choosing that which has the smallest χ 2 BCS . This quantity is defined as:
where χ 2 π 0 is the π 0 mass-constrained fit statistic, σ M is the uncertainty on the reconstructed D mass as determined from MC simulations, and m D 0 is the nominal D 0 mass [24] . In case the D 0 candidate is common to more than one D * candidate, we select the one having the slow pion with the smallest impact parameter perpendicular to the z axis. According to MC simulation, this procedure identifies the correct D * candidate among multiple candidates about 74% of the time. The data samples shown in Fig. 1 are divided into ten bins of cos θ * , seven bins of p πs T , and eight bins of cos θ πs . For each 3D bin, a simultaneous fit analogous to the one used for the full sample is performed, and the asymmetry obtained for each bin is corrected by the corresponding A 
where the uncertainties are statistical only, with a reduced χ 2 of 1.7 and 0.7, respectively. The observed A FB values decrease with | cos θ * | as expected but are somewhat lower than the leading order QED prediction [19] . Higher-order corrections are expected to lower the theoretical prediction, which would bring it into better agreement with our data.
We identify three significant sources of systematic uncertainty (see Table I ). The first is due to the uncertainty in the signal shapes, which, in the case of D 0 → π 0 π 0 , is dominated by the statistics of the calibration mode
The second is the slow pion efficiency correction. We estimate its contribution by varying A asymmetry originating from the different strong interaction of K 0 and K 0 mesons with nucleons of the detector material, estimated to be −0.11% in Ref. [26] , and assign an additional systematic uncertainty of 0.01%. Finally, we add these individual contributions in quadrature to obtain the total systematic uncertainty. The result is 0.10% (0.07%) for the π 0 π 0 (K 0 S π 0 ) sample. In summary, we have measured the time-integrated CP -violating asymmetry A CP in the D 0 → π 0 π 0 decay using 966 fb −1 of data. After correcting for the detectorinduced asymmetries with a precision of 0.07% by using the tagged and untagged D 0 → K − π + decays, we obtain:
A CP (D 0 → π 0 π 0 ) = (−0.03 ± 0.64 ± 0.10)%,
where the uncertainties are statistical and systematic, respectively. The measured CP asymmetry has an order of magnitude better precision than the previous result [15] and shows no evidence for CP violation. We also measure:
which supersedes our earlier result [17] . After subtracting CP violation due to K 0 -K 0 mixing, (−0.339±0.007)% [18] , the CP asymmetry in D 0 → K 0 π 0 decay is found to be (+0.12 ± 0.16 ± 0.07)% that is consistent with no CP violation.
